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Abstract
Beam tails have been measured in LEP using scraping colli-
mators and loss monitors for separated and colliding beams.
Significant non-Gaussian beam tails have been observed
with colliding beams for high beam-beam tune shift param-
eters and bunch currents.
1 INTRODUCTION
LEP has been running for 6 years with beam energies of
about 45.6 GeV [1]. Single beam emittances can be rather
small: In the horizontal plane "
x
= 12 nm and still two orders
of magnitude less in the vertical plane. For bunch currents
of 350 A initial unperturbed tune shifts would be typically
0.08. Significant increase of beam sizes is observed in both
planes as result of the beam-beam interaction. A wiggler
placed in a region with dispersion (the emittance wiggler)
is used to increase the horizontal emittance up to 36 nm i.e.
reduce the initial unperturbed horizontal tune shift to about
0.028. This is needed to bring beams safely in collision and
to avoid flip-flop and excessive beam-beam tails with back-
ground and lifetime problems during standard operation.
Beam lifetimes in LEP are well understood and under
normal running conditions completely accounted for by
known physics collision processes [2]: Single Beam life-
times are typically 40-50 hours due to Compton scatter-
ing on black body radiation (thermal photons) and beam-
gas Bremsstrahlung. In collisions, lifetimes are reduced to
about 17 hours due to ”loss” of particles in e+e  collisions.
Beam-beam tune shift parameters in excess of 0.04 have
been reached routinely in operation [3].
Shorter beam lifetimes than expected and bursts of back-
ground to the experiments have been observed for colliding
beams and high beam currents and have limited the maxi-
mum currents that can safely be collided [4]. They are at-
tributed to non-Gaussian tails in the transverse beam pro-
files, generated by the beam-beam effect.
2 LOSS MONITORS AND TAIL SCANS
A bunch current of 350 A represents 2  1011 particles
and 100 hours lifetime correspond to 5:5  105 particles
lost per second or about 50 particles per turn. A very high
sensitivity to beam tails can be reached using loss moni-
tors close to aperture limits [5]. Scintillators have been in-
stalled in LEP at the aperture limiting collimators [6]. Re-
cently, many more loss monitors using PIN-diodes based
on a design for HERA [7] were installed close to most col-






Figure 1: The horizontal aperture limiter with its PIN-diode
beam loss monitors and scintillators (schematic).
around the main horizontal aperture limiting collimator in
LEP, equipped both with scintillators and PIN-diode beam
loss monitors. Several measurements using these loss mon-
itors have been performed in recent machine development
sessions and are analysed [8, 9].
Measurements were performed by moving one jaw of a
collimator closer to the beam in steps. Beam current and
beam size measurements were recorded for each collima-
tor setting. The collimators were moved closer until signif-
icant lifetime reductions were observed. Lifetimes calcu-
lated from beam currents for these points were used to cal-
ibrate the loss monitors. This allows to give loss rates di-
rectly in terms of equivalent lifetimes. The uncertainty in
the absolute calibration is estimated to be about 30%. There
is some additional systematic error from noise and satura-
tion for very high and low loss rates:
The PIN-diode monitors are nearly noise-free but give
only counts and saturate therefore at one hit per bunch pas-
sage. Measurements have been linearised using Poisson
statistics [10].
The scintillators use pulse height information and did not
reach saturation. Due to noise, these monitors are not sen-
sitive to losses corresponding to lifetimes longer than 104
hours.
The two different types of loss monitors are therefore
rather complementary.
3 BEAM-BEAM TAILS
Figures 2 and 3 show tail distributions as measured in
two machine development sessions. The machine condi-
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Figure 2: Measured beam tails in the vertical plane.
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Figure 3: Measured beam tails in the horizontal plane.
tions were close to standard physics operation with stan-
dard pre-collision tunes set to Q
x





= 0:065. The horizontal emittance is measured us-
ing a synchrotron radiation monitor (BEUV). The vertical
beam size is calculated using luminosity information. The
specific conditions were:
1. Fill 2364 on 4-9-94, 4+4 bunches, about 360 A per
bunch, tails measured using PIN-diode loss monitors;
emittances were "
x
= 40 nm and "
y
= 0.36 nm, beam-
beam tune shift parameters 
x
= 0.025 and 
y
= 0.042 .
Results are shown as solid lines for different settings of
chromaticity (Q’ between +5 and +10). In the vertical
plane tails were also measured with separated beams.
2. Fill 2724 on 10-6-95, 4+4 bunches, about 250 A per
bunch, losses measured with scintillators; beams col-
liding, using ’95 optics with vertical separation on ei-
ther side of the interaction regions for bunch trains.
Rather unequal beam sizes, about 60 % higher e 
emittances in both planes. e  beam parameters were
"
x
= 44 nm and "
y
= 0.4 nm, with beam-beam tune
shifts of 
x
= 0.025 and 
y
= 0.035 . Measurements
were done for one machine setting with Q’=10 in both
planes.
The results are shown as broken lines. At the end of
the second machine development scraping in the ver-
tical plane was continued down to very low electron
lifetimes in the order of minutes.
We distinguish between nominal and measured emit-
tances. The nominal emittances are 45 nm for the horizontal
and 4.5 nm for the vertical plane. Nominal emittances are
very useful to compare collimator settings for various optics
and positions around the ring. The values of 45 and 4.5 nm
have been used in LEP for the last couple of years and still
reflect quite well the maximum beam sizes observed in op-
eration.
The collimator settings in figures 2 and 3 are given in
units of  of nominal beam sizes. In addition, a second x-
scale is shown on top of the figures using the measured beam
sizes (measured beam sizes of all shown measurements were
equal within errors of about 10%). The expected Gaussian
core is illustrated as shaded area to 5  using the measured
emittances. The theoretical lifetime for a Gaussian beam
and collimators at 5  is below one minute.
At this stage of measurements and analysis we found in-
dications for:
 Non-Gaussian transverse tails in both planes. Far tails
and losses corresponding to lifetimes of the order of
103 hours were also recorded without collidingbeams.
 Very substantial non-Gaussian beams are present for
colliding beams in the vertical plane. High chromatic-
ities can increase vertical tails.
4 BEAM LIFETIME FROM
SCATTERING PROCESSES
Lifetimes for single beams, separated beams and low-
current collidingbeams in LEP are well explained by known
physics collision processes
 Compton scattering on black-body radiation photons
 Beam-Gas scattering
 Beam-Beam Bremsstrahlung
These collision processes result mainly in off-energy parti-
cles. The scattering angles are rather negligible compared
to the beam divergence. If the energy loss exceeds the sta-
ble bucket height (about 1% for LEP1) these particles will
be lost, typically by hitting an aperture limit in a dispersion
region.
5 SIMULATION OF BEAM TAILS
The Compton scattering and Beam-Gas scattering can oc-
cur anywhere around the ring. Even if the scattering angles
are neglected, the combination of energy loss and significant
dispersion, as present in the horizontal plane in the arcs of
LEP, will generate significant betatron oscillations and re-
sult in horizontal tails.
To study this quantitatively, we interfaced a simulation
of the Compton-scattering on thermal photons [11] with the
detailed tracking code DIMAD [12]. First results indicate,
that the far horizontal tails observed in LEP can be largely
explained by the scattering on thermal photons.
Extra losses, not explained by the three scattering pro-
cesses, are seen for colliding beams and high currents. They
are generally accompanied by background spikes observed
in the experiments and have limited the maximum useful
bunch currents at LEP1. Emittance blow-up is observed
for colliding beams in LEP in both planes. A wiggler is
used to artificially increase the horizontal beam sizes and to
avoid flip-flop and excessive tails. With the observation of
very substantial vertical tails and the rather lower, constant
level of horizontal tails observed so far, we expect that the
current limitation in collisions with extra losses and back-
ground spikes can be attributed to vertical tails.
We have started to use results and computer codes of
beam-beam simulations [13, 14, 15] with the aim to get a
better understanding of the processes and main machine pa-
rameters involved in generating vertical tails.
6 SUMMARY
At beam energies of about 45.6 GeV, the maximum useful
current per bunch in collisions in LEP has been limited by
background spikes as observed in the experiments and by re-
duction in beam lifetime. This can be explained by scraping
into non-gaussian tails generated by the beam-beam effect.
We have quantitatively measured horizontal and vertical
non-gaussian tails using scraping collimators and loss mon-
itors. Substantial non-gaussian tails and a dependence on
machine parameters like chromaticity has been observed in
the vertical plane.
We use tracking programs and started to included scatter-
ing processes. First results indicate that the far horizontal
tails observed in LEP are mainly due to the Compton scat-
tering of beam particles on thermal photons.
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